Recent research has shown that memory illusions can successfully prime both children's and adults' performance on complex, insight-based problems (compound remote associates tasks or CRATs). The current research aimed to clarify the locus of these priming effects. Like before, Deese-Roediger-McDermott (DRM) lists were selected to prime subsequent CRATs such that the critical lures were also the solution words to a subset of the CRATs participants attempted to solve. Unique to the present research, recognition memory tests were used and participants were either primed during the list study phase, during the memory test phase, or both. Across two experiments, primed problems were solved more frequently and significantly faster than unprimed problems. Moreover, when participants were primed during the list study phase, subsequent solution times and rates were considerably superior to those produced by those participants who were simply primed at test. Together, these are the first results to show that false-memory priming during encoding facilitates problemsolving in both children and adults.
Memory is renowned for being fallible. Errors of commission, or falsely "remembering" information that was never experienced, are among the most frequently encountered memory problems (e.g., Brainerd, Reyna, & Zember, 2011; Gallo, 2010; Howe, Wimmer, Gagnon, & Plumpton, 2009; Roediger, 1996) . To study these errors, researchers have turned to the Deese-Roediger-McDermott (DRM) paradigm (Deese, 1959; Roediger & McDermott, 1995) . Here, participants are presented with a list of words (e.g., nurse, medicine, hospital) that are all associates of a nonpresented but related concept, known as the critical lure (e.g., DOCTOR). Research using this paradigm has found that: (1) in subsequent recall and recognition tests participants frequently yet incorrectly identify the nonpresented critical lure as having been present in the previously studied list, and (2) developmentally, younger children exhibit fewer false memories compared with older children and adults (e.g., Brainerd et al., 2011; Gallo, 2010; Howe et al., 2009) .
False memory illusions, including those produced by the DRM paradigm, are frequently viewed as being a negative consequence of a powerful, reconstructive memory system. These negative consequences are not simply limited to misremembering items on lists, but extend to falsely remembering event-consistent objects or people that were not present during the original experience. In extreme examples, people incorrectly recount earlier experiences as ones that they believed happened (e.g., being abducted by a UFO) when in fact no such event occurred (e.g., Otgaar, Candel, Merckelbach, & Wade, 2009) . Worse, such false memories can have serious personal costs, as in cases involving false accusations of sexual assault that lead to the conviction of innocent people (e.g., Howe, 2013) .
However, some recent research has suggested that there may be more positive consequences of false memory illusions (e.g., Howe & Derbish, 2010) . What such studies have found is that false memories can and do behave in similar ways to true memories. For example, McDermott (1997) and McKone and Murphy (2000) showed that false memories generated using the DRM paradigm could prime performance on related memory tasks using both implicit (e.g., stem completion) and explicit (e.g., stem-cued recall) memory measures. Similar effects with fragment completion have been obtained with children (Diliberto-Macaluso, 2005) . These parallels prompted researchers to examine the possible beneficial effects false memories could have on other memory tasks, with the positive consequences of memory illusions quickly becoming apparent (for reviews, see Schacter, Guerin, & St. Jacques, 2011) .
Importantly, if false memories have positive consequences similar to those normally ascribed to true memories, then we should see these consequences across a variety of cognitive domains and not simply in other memory tasks. One cognitive domain in which memory processes may play a key, supporting role is problem-solving. Historically, the dependence of problem-solving on memory has been hotly debated (e.g., see Brainerd & Reyna, 1993 , for claims regarding independence, and Howe, Rabinowitz, & Grant, 1993 , for an opposing position). The emerging consensus, however, is that successful problem-solving is crucially dependent on a range of memory processes, including the recall of knowledge acquired through instruction and worked examples (e.g., Nokes & Ohlsson, 2005; Renkl, 2002) , the application of a "recognition heuristic" that can provide valid cues in decision-making (e.g., Goldstein & Gigerenzer, 2002; Kahneman & Klein, 2009; Oppenheimer, 2003) , and the transfer of analogous experiences to assist in attaining current goals (e.g., Bassok & Holyoak, 1989; Richland, Zur, & Holyoak, 2007) .
Although these latter memory processes appear to rely largely on direct or explicit retrieval there is also increasing acknowledgement that memory can influence problemsolving and reasoning through intuitive processes operating indirectly or implicitly (e.g., Evans, 2011; Stanovich, West, & Toplak, 2011) . Such intuitive processes appear to have their basis either in tacitly learned associations (e.g., Osman & Stavy, 2006; Sloman, 1996) or in rules that have been deliberatively acquired but practiced to a state of automaticity (e.g., Kahneman & Klein, 2009 ). Research has also indicated that prior activation of specific knowledge structures can prime successful problem-solving through implicit mechanisms. For example, Kokinov (1990; Kokinov & Petrov, 2001) showed that priming can facilitate performance with complex deductive, inductive, and analogical reasoning problems, benefitting both the strategy taken and the success/failure ratio. Schunn and Dunbar (1996) corroborated these findings in an analogical problem-solving paradigm, demonstrating that conceptual knowledge of one knowledge domain (biochemistry) can spontaneously influence complex reasoning in another, unrelated knowledge domain (molecular genetics) via implicit priming, leading to facilitated problem-solving as measured through both accuracy and speed of solution generation. Schunn and Dunbar's sophisticated controls and measures also allowed the involvement of explicit memory processes to be ruled out as a cause of solution success in the priming conditions.
Although previous research has confirmed that true memories can effectively prime solutions in problemsolving tasks, the question remains as to whether memory illusions, which are also a product of our reconstructive memory system, can likewise prime solutions in such tasks. That is, because false memories occur with some regularity, we can ask whether they are just a necessary and epiphenomenal evil that arises because of the reconstructive nature of remembering the past and trying to anticipate the future, or can they, like true memories, serve some fitness-relevant function? Using implicitly generated information to solve problems is a key feature in many proposals concerning the nature of creative problem-solving (Hélie & Sun, 2010) and, of course, false memories do come under the rubric of information that is generated automatically, outside of conscious awareness. Indeed, implicit information may have an advantage over explicitly generated information in terms of threat or stress (e.g., Porter & Leach, 2009) or when solving complex problems using "deliberation-without-attention" (Dijksterhuis, Bos, Nordgren, & van Baaren, 2006; .
As a first approximation to answering this question, we examined insight-based, creative problem-solving (Howe, Garner, Charlesworth, & Knott, 2011; Howe, Garner, Dewhurst, & Ball, 2010) . Such problem-solving is thought to involve spreading activation processes much like those that mediate the formation of spontaneous false memories in the DRM paradigm (Bowden, Jung-Beeman, Fleck, & Kounios, 2005; Mednick, 1962) . Concerning the latter, both the associative-activation theory (AAT, Howe et al., 2009 ) and the activation-monitoring theory (AMT, Roediger, Balota, & Watson, 2001) suggest that false memories are formed due to implicit activation of critical lures upon presentation of items on the DRM list. Activation from list members spreads to other lexical items in memory, extending to the unpresented critical lure as well as to other unpresented items. This activation can reverberate among items in memory (presented or not) as well as back from these unpresented items to items that were presented (Anderson & Lebiere, 1998) . Similarly, for insight-based problems, spreading activation mechanisms can be triggered when problem solvers encounter a concept (e.g., an item within an insight-based problem) and this activation assists problem-solving inasmuch as it provides a preliminary search through the memory network for related concepts. This search spreads to both related and unrelated concepts and continues until those concepts that are crucial to the problem solution become active and an insightful solution is achieved (Bowden et al., 2005; Kershaw & Ohlsson, 2004) . were the first to carry out research investigating the role that false memories play in priming insight-based solutions using compound remote associates tasks (CRATs) (see Mednick, 1962; Sio, Monaghan, & Ormerod, 2013) . CRAT problems, originally developed by Mednick (1962) , involve the presentation of three words (e.g., apple, family, and house), which can be associated by a common solution word (e.g., TREE). Howe, Garner, Dewhurst, et al. (2010) presented adults with DRM lists whose critical lures served as potential primes for half of the subsequent CRAT problems that participants had to solve. They found that when participants falsely recalled the critical lures of the studied DRM lists, the corresponding CRATs were solved more frequently and significantly faster than CRATs that had not been primed by DRM lists or CRATs that were primed but the critical lure had not been falsely recalled. Howe et al. (2011) extended this research to children. They recruited both child (11-year-olds) and adult participants (18-year-olds) and, using age-normed CRATs, found that regardless of age, CRATs were solved at a significantly higher rate and more quickly when the critical lures of the studied DRM lists had been falsely recalled compared with instances when the critical lures were not falsely recalled and instances when the CRATs had not been primed by prior DRM lists. This research shows that like true memories, false memories can successfully prime higher order cognitive tasks (i.e., insight-based problem-solving). Moreover, this research challenges the view that false memory illusions are inherently maladaptive and, like false beliefs (McKay & Dennett, 2009) , highlights the positive contributions of false memory illusions, namely the assistance they offer during complex problem-solving.
Because of the robust nature of this effect, it requires an adequate explanation that includes a clear depiction of the mechanisms that mediate memory-based priming effects in creative problem-solving. First, these findings are important in terms of theories of spontaneous false memory formation. Indeed, they are consistent with the false memory theories mentioned earlier that invoke spreading activation mechanisms (e.g., AAT, Howe et al., 2009) . This is because false memories that have been activated during DRM list presentation are still above threshold in memory when participants are trying to solve CRAT problems. That is, solving CRATs becomes easier because spread of activation from the CRAT terms to the critical lure (or problem solution) is faster given that the critical lure is already active in memory. Indeed, problem-solving is dependent on false memory activation levels because solution times are faster and solution rates higher when participants falsely remember the critical lure than when they do not. Other models of false memory that do not involve spreading activation mechanisms may have more difficulty accounting for these findings. For example, fuzzy-trace theory (e.g., Brainerd & Reyna, 1993) suggests that false memories rely on the extraction of gist (or meaning) traces and not on the spread of activation within memory. Given the absence of contradictory information (e.g., verbatim traces), items that are consistent with the extracted gist may be falsely remembered along with actually presented information during recall or recognition tests. It is clear that fuzzy-trace theory can account for the fact that the term SWEET may be falsely remembered when the DRM list sour, sugar, bitter, … cake, tart has been presented as it is consistent with the gist (e.g., "things that are sweet"). However, it is less clear that this gist is consistent with the solution to the corresponding CRAT problem involving the terms heart, shop, and tooth. Indeed, gist having to do with "love" may be more appropriate to the solution SWEETheart. In fact, in some cases, the gist extracted from DRM lists may be more of a hindrance (e.g., interfere with) than of assistance when it comes to solving some of the CRAT problems. 1 Second, Howe et al. ( , 2011 argued that this priming effect occurred during the encoding of the DRM lists (i.e., at study) and not during retrieval (i.e., on the recall test). This assumption is generally consistent with the DRM literature that shows that critical lures tend to be generated at encoding and not during retrieval (e.g., Dewhurst, Bould, Knott, & Thorley, 2009; Dewhurst, Knott, & Howe, 2011) . However, there is a problem with this latter conclusion. Specifically, Howe et al. ( , 2011 had shown that priming of problem solutions only occurred when participants had falsely recalled the critical lures during the memory test. What this means is that to determine whether participants had falsely remembered the critical lure, a memory test was necessary. Of course, once a memory test is administered, it is difficult to say unambiguously that priming occurred during study because it is equally plausible that it occurred during the test itself.
To solve this problem, Howe et al. ( , 2011 conducted a second experiment in which no memory test was administered. That is, participants simply studied the DRM lists and then solved CRAT problems, effectively eliminating the testing confound. Given that they used the same DRM lists and CRATs in this second experiment as in the first, if priming occurred during encoding then similar percentages of false memories would be anticipated in this second experiment, despite the absence of the memory test, and thus similar advantages should have been observed in CRAT solution rates and times. This is exactly what they found. That is, CRATs that had been primed with DRM lists were solved more frequently and more rapidly (at rates and times commensurate with those observed in their first experiments) than CRATs that had not been primed. It would seem, then, that false memory priming of CRATs occurs at encoding and not during retrieval tests.
Given that these robust findings are not just novel but also have important theoretical implications, particularly in terms of understanding the locus of false memory effects and how they serve as primes for subsequent problem-solving, it is imperative that they generalise to other indices of remembering (i.e., recognition as well as recall) and are not subject to alternative interpretations. Unfortunately, Howe et al.'s (2010 Howe et al.'s ( , 2011 design and measurement changes may not provide an optimal solution to determining the locus of false memory priming effects in problem-solving. Although the testing confound was eliminated, Howe and colleagues were no longer able to measure false memory strength, hence the effectiveness of the prime, using a memory test. That is, because the priming of problem-solving requires the false recollection of the critical lure, some sort of memory test is needed to confirm whether false recollection has occurred for specific primes. More importantly, eliminating the memory test does not enable an assessment of test-induced priming effects or for the magnitude of these effects to be contrasted with those found at study.
Because it is important to provide a clear and convincing demonstration that false memories can and do have positive consequences on human cognition, in the current article, we resolve the problems associated with previous research so that the demonstration and meaning of these positive effects is not compromised by competing interpretations. We do this by switching to a recognition measure rather than a recall measure. Thus, in the present research, we assigned participants to one of three conditions: one in which priming, thus activation of the critical lure, can occur during both study and test (the "Study and Test" condition in which relevant DRM lists are studied and a recognition test that includes the critical lures is used to gather data during the test phase); one in which priming, thus activation of the critical lure, can only occur during the study phase (the "Study Only" condition in which relevant DRM lists are studied but there is no recognition test); and one in which priming, thus activation of the critical lure, can only occur during memory testing (the "Test Only" condition in which CRAT-irrelevant DRM lists are studied but the recognition test includes the CRAT-relevant critical lures).
This design has three advantages. First, it overcomes the memory test confound, given that the "Study Only" condition does not include a memory test. Second, it permits the conditionalising of CRAT solutions into those solved with and without false recollection of the critical lure using the "Study and Test" condition. Third, the "Test Only" condition provides a new condition in which we can estimate the impact of seeing the critical lure only at test. Consequently, this design permits an evaluation of whether the activation of the critical lure during encoding ("Study Only"), during retrieval ("Test Only"), or both ("Study and Test") is important to priming CRAT solutions.
We predicted that when false memories do occur, the primed CRAT problems should be solved more often and more rapidly than the unprimed CRAT problems and than primed problems where no false recollection occurred. Furthermore, if activation of the critical lure at study (i.e., encoding) is the key to enhancing CRAT performance, then it is expected that the solution times and rates will be approximately equal across the "Study and Test" and "Study Only" conditions, but lower and slower in the "Test Only" condition and for the unprimed CRATs. Alternatively, if the presence of the critical lure at test (i.e., retrieval) contributes to enhancing CRAT performance (where this effect is predicted to be smaller than the effect of priming at study), then solution times and rates are expected to be faster and greater in the "Study and Test" condition compared with the "Study Only" condition, which in turn will have faster and greater solution times and rates compared with the "Test Only" condition, which in turn will have faster and greater solution times and rates compared with the unprimed CRATs.
To examine these hypotheses, we conducted two experiments. In the first experiment, we used a subset of some newly created and normed CRAT problems (see Appendix A), along with their corresponding DRM lists, to provide a "proof of concept" for false memory priming effects using the newly devised recognition paradigm with adult participants. In Experiment 2, we examined the comparability of these findings to those of previous research that had used recall rather than recognition as a measure of false memory by using identical CRAT-DRM pairings to Howe et al. (2011) . We were also interested in whether our recognition paradigm, like the recall one used previously, produced similar effects in children and adults. Therefore, we tested children (11-year-olds) and adults (20-year-olds) using the same age-appropriate CRATs deployed in earlier studies involving recall as the measure of false memories . As in this previous research, although adults may exhibit more false memories than children, our central concern was whether children's and adults' priming effects are similar given problem-solving tasks equated for relative difficulty. That is, we used age-appropriate CRAT problems because we were interested in whether we could attenuate (or eliminate) age differences in problem-solving rates by using age-appropriate problems. Thus, age differences in problem difficulty were not, in and of themselves, of interest in this study. Rather, we wondered whether false memories could serve the same priming function for children as they do for adults when problem difficulty was equated across age and whether the locus of these priming effects were developmentally invariant.
Experiment 1

Method
Participants
A total of 48 university students participated in this experiment.
Design, materials, and procedure
Participants were randomly assigned to one of the three between-participants' conditions: "Study and Test", where participants studied DRM lists, were given a 30 sec distractor task (letter search), followed by a recognition test, and finally solved CRAT problems; "Study Only", where participants studied DRM lists, were given a filler task, and then solved CRAT problems; and "Test Only", where participants studied CRAT-irrelevant DRM lists, were given a 30 sec distractor task (letter search), followed by a recognition test containing CRAT-relevant but unstudied critical lures, and then solved CRAT problems. All participants were primed on half the CRATs but not the other half. Both the order of the DRM lists and CRATs were counterbalanced to eliminate order effects.
Ten CRATs (ARMY, BLACK, FLAG, GIRL, HEALTH, LONG, RUBBER, SMOKE, SPIDER, and WINDOW) were selected from normative data reported in Appendix A and were taken from the medium difficulty range (between 20% and 78% solution rate). Ten corresponding DRM lists were used, each of which consisted of 10 associates of the critical lure. These lists were split into two sets of five, so participants would be primed with half the DRM lists, while completing all 10 of the CRATs. Each set was balanced for solution rate difficulty and the DRM lists were equated for backward associative strength.
Two recognition tests were created with items used on these tests being condition dependent. For the "Study and Test" condition, items consisted of the 5 critical lures from the studied DRM lists, 5 unstudied and unrelated critical lures, 32 true items from the studied DRM lists, 32 foils unrelated to studied DRM lists, and 8 filler items. For the "Test Only" condition, items consisted of 5 critical lures that were not studied but were CRAT solutions, 5 critical lures for the irrelevant DRM lists that were studied but were not CRAT solutions, 32 true items corresponding to the irrelevant DRM lists, 32 foils unrelated to the studied DRM lists and the subsequent CRAT problems, and 8 filler items. No associates to the critical lures that were CRAT solutions were included, to ensure that no false memories for these items were created at test. No recognition test was needed for the "Study Only" condition. Instead, a filler task (a letter search task) was used that took the same time to complete as the distractor and recognition tasks in the other conditions.
In the "Study and Test" and "Study Only" conditions, participants were given 5 out of the 10 DRM lists in a randomised order on a computer screen. Participants in the "Test Only" condition were given five irrelevant DRM lists to study. This was followed by a distractor task (letter search) and the appropriate recognition test, to which the participants gave their response verbally. Participants were then asked to complete all 10 CRATs. Participants were first given an example, followed by two practice CRATs, before the test CRATs were presented. Each CRAT was presented on a computer screen, in a randomised order, and participants were asked to provide a solution verbally. If participants failed to correctly solve a CRAT, they were given feedback as to the correct answer after each problem. Solutions were timed and participants were given a maximum of one minute to complete each problem.
Results and discussion
Both the mean CRAT solution rates (proportion correctly solved) and the mean CRAT solution times (seconds) were analyzed using separate 2 (Priming: primed vs. unprimed) × 3(Condition: study and test vs. study only vs. test only) analyses of variance (ANOVA). For solution rates, there was a main effect of priming, F(1, 45) = 12.00, p < .01, h 2 p = .21, where the mean CRAT solution rate was higher when participants were primed (M = .64, SE = .03) than when they were not primed (M = .52, SE = .03). There was no significant main effect of condition [F(1, 45) = 2.53, p = .09, h 2 p = .10] but there was a significant Priming × Condition interaction, F(2, 45) = 5.09, p = .01, h 2 p = .18 (see Figure 1) . A simple main effects analysis with Bonferroni-adjusted pairwise comparisons showed that there were no differences across conditions for unprimed CRATs [M = .45 (SE = .06), M = .60 (SE = .05), and M = .54 (SE = .05) for the "Study and Test", "Study Only", and "Test Only" conditions, respectively) but for primed CRATs the "Study and Test" (M = .66, SE = .05) and "Study Only" conditions (M = .74, SE = .05), which did not differ, were superior to the "Test Only" Condition (M = .51, SE = .05), F(2, 45) = 4.94, p = .01, h falsely recognise the critical lure when primed. To examine whether priming in the "Study and Test" condition was contingent on false recognition of the critical lures, solution rates and times were conditionalised on whether the participant had falsely recognised the critical lure during testing. More specifically, the primed CRAT problem responses were separated into those solved with a false memory and those solved without a false memory. Those with false memories were then compared to those without false memories using paired t-tests. For solution rates, the t-test was significant, t(15) = 2.36, p < .05, where participants who were primed and had a false memory solved more CRATs (M = .66, SD = .32, MSE = .08) than those who were primed and had no false memory (M = .39, SD = .42, MSE = .10). Importantly, this latter solution rate did not differ from unprimed CRAT solution rates. For solution times, the t-test revealed that participants who were primed and had a false memory solved CRATs more quickly (M = 31.45 sec, SD = 14.65, MSE = 3.66) than those who were primed and had no false memory (M = 43.08 sec, SD = 21.25, MSE = 5.31), although this difference only approached significance (t(15) = −2.02, p = .06). Like solution rates, solution times for those who were primed but did not falsely recognise the critical lure did not differ from unprimed CRAT solution times.
Together, these results are the first to show that the effects of false memory priming on problem-solving performance are greatest when the critical lure primes are induced during the study phase as opposed to being presented at test. That is, solution rates and solution times were better when priming occurred in the "Study and Test" or "Study Only" conditions relative to the "Test Only" condition. Consistent with the general literature on the locus of false memories, critical lures become active during the encoding process and can serve to prime performance on other tasks ["superadditive priming" (Hancock, Hicks, & Marsh, 2003) ]. In our case, this other task involves higher cognitive processes, namely, problem-solving. Moreover, these effects are strongest for participants whose false memory activation is sufficiently strong to produce false recognition of the critical lure during testing. Critically, however, the priming advantage was no greater in the "Study and Test" condition than in the "Study Only" condition, a finding that indicates that the addition of a recognition test did not contribute to the overall priming effect. Before theoretical implications of these findings are considered, we examine whether these findings hold across different CRAT problems and generalise across age.
Experiment 2
Having established false memory priming effects for adults' creative problem-solving in this new recognition memory paradigm, we can now turn to an experiment in which we test the generalisability of these findings. Specifically, we examine whether these effects extend to children by using the same CRAT-DRM pairings that were used successfully in a similar priming experiment (but one that used recall, not recognition, as a measure of false memory) with children and adults .
Method
Participants
Thirty-six children (M = 10.9 years, SD = .4 years; 21 females) and 36 adults (M = 20.3 years, SD = 2.3 years; 20 females) participated in the experiment. All were fluent in English. Child participants were recruited from a predominantly White, middle-class school. Prior to the experiment, written informed consent was obtained from the adult participants and written informed parental consent was obtained for all child participants. In addition, the assent of each participant was provided on the day of testing.
Design, materials, and procedure
A 2(Age: 11-year-olds vs. 20-year-olds) × 3(Condition: study and test vs. study only vs. test only) × 2(Priming: primed vs. unprimed) design was used, where the first two factors were between-participants and the latter factor was within participant. For the 11-year-old participants, eight CRATs were chosen from the child normative data produced by Howe et al. (2011;  see Appendix B in the current article). For the adult participants, eight CRATs were selected from the normative data in Appendix A and from the Bowden and Jung-Beeman (2003; see Appendix C in the current article) norms. In addition, 16 DRM lists were selected for use in the "Study and Test" and "Study Only" conditions: 8 for use with the 11-year-old participants and 8 for use with the adult participants (see Appendixes B and C, respectively). DRM lists were selected from Stadler, Roediger, and McDermott (1999) as well as from the Nelson, McEvoy, and Schreiber (2004) norms. Each of the 16 DRM lists contained the top 10 items in backward associative strength and was presented in descending order of associative strength to the critical lure. The eight DRM lists studied by the 11-year-old participants and the eight DRM lists studied by the adult participants were randomly divided into two sets of four and counterbalanced across participants, so that all CRATs were primed an equal number of times within each age group.
An additional eight DRM lists were selected for use in the "Test Only" condition (see Appendixes B and C). These eight lists were unrelated to the 16 DRM lists used in the "Study and Test" and "Study Only" conditions, as well as the 16 CRATs. The eight unrelated DRM lists were chosen from Stadler et al. (1999) and the same lists were used for both 11-year-old participants and adults (lists were selected that were suitable for both the children and adults).
In addition to the selected CRATs and the DRM lists, a series of eight recognition tests were constructed. Four of these recognition tests were used in the "Study and Test" condition, two of which were specific to the child participants and two of which were specific to the adult participants. The other four recognition tests were constructed for use in the "Test Only" condition. Each recognition test consisted of 56 items: the 4 unpresented critical lure primes; 6 presented items from each of the 4 DRM lists studied, 3 of which were high associates of the critical lure and 3 of which were low associates of the critical lure; 4 unpresented but related items, 1 for each of the 4 DRM lists studied (these were typically the 14th or the 15th item from the original DRM lists and we included these items as a measure of false memories for weak associates: see Nelson et al., 2004; Stadler et al., 1999) ; and 24 filler items, which were 3 items chosen at random from 8 completely unrelated DRM lists, randomly selected from Roediger, Watson, McDermott, and Gallo (2001) .
All participants were tested individually in a quiet, unoccupied room. As in Experiment 1, the procedure differed depending upon the condition that the participant had been assigned to. Participants randomly assigned to the "Study and Test" condition received general memory instructions that informed them that they would be verbally presented with four lists, one after the other, and that they should listen carefully to each list. Participants were subsequently presented with one set of four DRM lists in a randomised order. A distractor task (a letter search task) was then administered for a period of 30 sec. Following the distractor task was a 56-item recognition test. Finally, participants completed a set of eight CRAT problems. Participants were first provided with an example CRAT followed by a practice CRAT, which they had to solve correctly in order to advance on to the eight test CRATs. The example CRAT, the practice CRAT, and each of the eight test CRATs were presented on a computer screen as well as being read aloud by the experimenter. Participants provided a verbal response to the CRATs. Participants had a maximum of 60 sec to complete the practice CRAT and had a maximum of 60 sec per each of the eight test CRATs. Any test CRAT that was not solved within the 60 sec was classified as being unsolved and participants were given feedback on the correct answer before advancing on to the next test CRAT. The order of presentation of the CRATs was randomised for each participant. Solution times were measured from the presentation of the word problem to the time at which the correct solution was given.
Participants randomly assigned to the "Study Only" condition were also given general memory instructions to begin; participants were informed that they would be read aloud four word lists, one after the other, and that they should listen carefully to each word list that was to be presented. Participants were then presented with one set of four DRM lists in a randomised order followed by a distractor task for a period of 210 sec, a time that equalled the average amount of time taken to present the 56-item recognition test and carry out the distractor task for a period of 30 sec, in the "Study and Test" and "Test Only" conditions. This was done to ensure that the delay interval between list presentation and CRAT testing was constant across all between-participant conditions. The CRATs followed the distractor task; the same procedure was used here as in the "Study and Test" condition.
In the final "Test Only" condition, the testing procedure was equivalent to that in the "Study and Test" condition with the sole exception of the stimuli that were presented to the participants; the DRM lists in the "Test Only" condition were completely unrelated (thus irrelevant) to the later CRATs.
Results and discussion
In line with Experiment 1, both the mean CRAT solution rates (proportion correctly solved) and the mean CRAT solution times (seconds) were analyzed using separate 2(Age: 11-vs. 20-year-olds) × 3(Condition: study and test vs. study only vs. test only) × 2(Priming: primed vs. unprimed) ANOVAs.
Solution rates
There was a significant main effect of priming, F(1, 66) = 87.62, p < .001, h 2 p = .57, where solution rates were higher for primed CRATs (M = .82, SE = .02) than unprimed CRATs (M = .56, SE = .03). There was also a significant main effect of condition, F(2, 66) = 8.09, p = .001, h 2 p = .20, where post hoc tests revealed that solution rates were higher in the "Study and Test" (M = .79, SE = .04) and the "Study Only" (M = .71, SE = .04, p > .05) conditions, which did not differ, compared with the "Test Only" condition (M = .57, SE = .04, p < .001 and p < .05, respectively). Furthermore, there was a significant main effect of age, F(1, 66) = 6.42, p < .05, h 2 p = .09, where children exhibited higher solution rates for the CRATs than the adults (M = .75, SE = .03, and M = .63, SE = .03, respectively). This finding was unexpected given that age-normed stimuli were used. However, although the age effect was statistically significant, the difference between the children's and adults' solution rates was small (.12). Furthermore, there is an obvious explanation as to why there was an age effect in the unexpected direction; the CRATs selected for use with the children had an average normed solution rate of 54%, whereas the CRATs selected for use with the adults had a lower average solution rate of 45%. Therefore, the children's CRATs were simply easier to solve to begin with compared to the adults' CRATs. Additionally, there was a significant Priming × Condition interaction, F(2, 66) = 6.77, p < .01, h 2 p = .17. A simple main effects analysis with Bonferroni-adjusted pairwise comparisons showed that the solution rates for the primed CRAT problems were higher than the solution rates for the unprimed CRAT problems, regardless of the condition.
The source of the Priming × Condition interaction was in terms of the magnitude of these effects (see Figure 2) . The primed and unprimed solution rates in the "Study and Test" condition were .94 (SE = .03) and .64 (SE = .05), respectively, which was a significant difference of .30 (p < .001). The primed and unprimed solution rates in the "Study Only" condition were .89 (SE = .03) and .54 (SE = .07), respectively, which was a significant difference of .35 (p < .001). The primed and unprimed solution rates in the "Test Only" condition were .63 (SE = .05) and .51 (SE = .05), respectively, which was a significant difference of .12 (p < .01). A quantitative difference was therefore evident between the primed CRAT solution rates and the unprimed CRAT solution rates across the three conditions; the difference between the primed and unprimed CRAT solution rates for the "Study and Test" and "Study Only" conditions was quantitatively larger (by a factor of three) than the difference between the primed and unprimed CRAT solution rates in the "Test Only" condition (see Figure 2 ). That is, both the "Study and Test" and "Study Only" conditions showed a 30-35% gain for primed versus unprimed CRAT solution rates, whereas the "Test Only" condition showed only a modest 12% gain for primed versus unprimed CRAT solution rates. Thus, although minor improvements in CRAT solution rates were observed when the CRAT solution words were physically presented to the participants at test (i.e., the solution words were included as part of the recognition test of memory) prior to them completing the eight test CRATs, the gains from having generated the solution words at study, prior to completing the eight test CRATs, were threefold greater.
Solution times
There was a significant main effect of priming, F(1, 66) = 70.35, p < .001, h 2 p = .52, where solution times were quicker for the primed CRATs (M = 21.13 sec, SE = 1.03) compared with the unprimed CRATs (M = 29.39 sec, SE = 1.20). In addition, there was a significant main effect of condition, F (2, 66) = 12.98, p < .001, h 2 p = .28, and post hoc tests showed that the solution times were quickest in the "Study and Test" condition (M = 18.96 sec, SE = 1.74), followed by the "Study Only" condition (M = 25.37 sec, SE = 1.74), which both produced quicker solution times compared with the "Test Only" condition (M = 31.45 sec, SE = 1.74). There was no main effect of age [F(1, 66) = .26, p = .61, h 2 p = .00], where the average time taken to solve a CRAT was 24.75 sec (SE = 1.42) for children and 25.77 sec (SE = 1.42) for adults.
Additionally, there was a significant Priming × Condition interaction, F(2, 66) = 6.51, p < .01, h 2 p = .17. A simple main effects analysis with Bonferroni-adjusted pairwise comparisons showed that the solution times for the primed CRATs were faster than the solution times for the unprimed CRATs regardless of the condition. Again, the source of the Priming × Condition interaction was in terms of the magnitude of these effects (see Figure 3) . The primed and unprimed solution times for the "Study and Test" condition were 13.50 sec (SE = 1.21) and 24.42 sec (SE = 2.09), respectively, which was a significant difference of 10.92 sec (p < .001). The primed and unprimed solution times for the "Study Only" condition were 20.07 sec (SE = 1.91) and 30.68 sec (SE = 1.80), respectively, which was a significant difference of 10.61 sec (p < .001). The primed and unprimed solution times for the "Test Only" condition were 29.84 sec (SE = 2.10) and 33.07 sec (SE = 2.22), respectively, which was a significant difference of 3.23 sec (p < .05). A quantitative difference was therefore evident between the primed CRAT solution times and the unprimed CRAT solution times across the three conditions; the difference between the primed and unprimed CRAT solution times in the "Study and Test" and "Study Only" conditions was quantitatively greater (by a factor of three) than the difference between the primed and unprimed CRAT solution times in the "Test Only" condition (see Figure 3 ). That is, there was a reduction in CRAT solution times of around 11 sec for primed versus unprimed CRATs in both the "Study and Test" and "Study Only" conditions, whereas the reduction was only approximately 3 sec for primed versus unprimed CRATs in the "Test Only" condition. Hence, although there was a slight increment in performance (i.e., faster solution times were produced) when participants were physically presented with the solution words on a recognition memory test prior to them solving the eight test CRATs, the gains from inducing the solution words at study, prior to them completing the eight test CRATs, were also threefold greater. Given that the false memory rates of the participants in the "Study and Test" condition were recorded, as in Experiment 1, CRAT performance could be further conditionalised by separating the CRATs into (a) primed CRAT problems solved where the false memory was produced (primed/ FM), (b) primed CRAT problems solved where the false memory was not produced (primed/No-FM), and (c) the unprimed CRAT problems that were solved. However, because false memory rates in the "Study and Test" condition were close to ceiling for both age groups, as seen in the analyses of the "Study and Test" condition performance earlier, we reanalyzed the data using only nonceiling participants from the "Study and Test" condition.
There were two important outcomes concerning these reanalyses. First, the same pattern of results was obtained when only nonceiling participants were included in the analyses already reported. Second, when we conditionalised CRAT performance on the basis of false recognition rates for the "Study and Test" participants' solution rates, there was a significant main effect for priming, F(2, 20) = 5.09, p < .02, h 2 p = .46. Post hoc tests (p < .05) showed that those who were primed and falsely recognised the critical lure solved more CRATs (M = .93, SD = .08, MSE = .02) than those who were primed and did not falsely recognise the critical lure (M = .50, SD = .38, MSE = .07).
General discussion
Clearly, false memories like true memories can have positive consequences when it comes to children's and adults' cognitive processes. The present research provides a convincing demonstration that false memories can serve as effective primes when children and adults are attempting to solve problems, particularly ones that require insight-based solutions. Thus, that false memories are an aspect of a flexible, reconstructive memory system does not necessarily mean that the consequences of memory illusions are negative. Indeed, as shown here, depending on the context in which false memories occur, they can and do exert a very positive influence on human cognition (cf. Schacter et al., 2011) .
Equally important, the findings that have emerged from the present research allow us to "drill down" into some of the mechanisms that are responsible for these positive effects of false memories. Specifically, these results establish that the effects of priming on problem-solving performance are greatest when the critical lure primes are induced during the study phase as opposed to being presented at test. Across both experiments, these priming effects were robust and their encoding locus consistent with our predictions. Moreover, this research is the first to generalise previous findings where recall measures were used to evaluate memory performance to memory measures involving tests of recognition. Indeed, regardless of the memory measure being used, priming insight-based problem solutions, either through the prior presentation of DRM lists whose critical lures are also the solutions to the subsequent problems, or through the inclusion of critical lure primes on a recognition test of memory, significantly increases solution rates and quickens solution times relative to unprimed problem solution rates and times. This adds to the growing consensus that false memories, like true memories, can successfully prime higher cognitive processes, at least in terms of problems involving insight-based solutions.
Moreover, our research has clearly shown that false memory priming effects are developmentally invariant. We demonstrated this in two ways. First, priming effects were equally robust in both child and adult populations. That is, when age-appropriate materials were used, the magnitudes of these priming effects were similar in children and in adults. Second, the locus of these priming effects did not differ with age with the bulk of these effects occurring at encoding. This developmental invariance is important theoretically. That is, our results demonstrate that despite well-known age differences in true and false memory rates (where children routinely produce fewer true and false memories than adults-see Brainerd et al., 2011; Howe et al., 2009) , once a false memory is produced, it can have the same facilitating effect on subsequent problem-solving regardless of age. Thus, the same spreading activation mechanism may drive reasoning-remembering dependencies in children as it does in adults.
At a more fine-grained level, the outcomes of the present research support the predictions that primed CRATs would be solved more frequently and at a faster rate than unprimed CRATs. Furthermore, it was hypothesised that if encoding was the primary site of priming CRAT performance, then the solution times and rates would be reasonably equal across the "Study and Test" and "Study Only" conditions, which in turn would be superior to the solution times and rates generated by participants in the "Test Only" condition and to the solution times and rates generated in response to the unprimed CRATs. The findings from the present research confirmed these predictions. Moreover, the difference between the solution times and rates for primed versus unprimed CRATs was considerably greater for both children and adults in Experiment 2 in the "Study and Test" and "Study Only" conditions compared to the "Test Only" condition. What this means is that the generation of critical lures during DRM list presentation (i.e., at encoding) is more effective at priming subsequent CRAT problems than explicitly presenting participants with the critical lure primes during a recognition test of memory (i.e., at retrieval). Consequently, the findings that have emerged from the present study show that priming at study is the key to facilitating CRAT performance, as opposed to priming at test.
The critical reader might come to the conclusion that the interpretation of the results from Experiments 1 and 2 is not as straightforward as we contend. Such readers might argue that both these experiments suffer from a potential confound. Specifically, perhaps the different conditions used to dissever the locus of priming effects were confounded with differential levels of exposure to potential primes. For example, the "Study and Test" condition might prime CRATs the most simply because participants were exposed to more priming items during the procedure. That is, participants in this condition were exposed to the 10-item DRM list (where each list item could be considered a weak prime) as well as a subset of these items again on the recognition test and the critical lure. In addition, the "Study Only" condition might prime CRATs better than the "Test Only" condition simply due to the fact that participants in the former condition were exposed to the 10 weak primes at encoding (the items on the each CRAT-relevant DRM list) but participants in the latter condition were only exposed to a subset of those items (and the critical lure) during testing. According to this argument, any conditionwise differences in priming could be due to the stage at which priming took place (encoding vs. retrieval), the amount of exposure to items directly and indirectly related to the CRAT solutions, or both.
The problem with this "pure exposure" argument is that it reduces to one about the role of testing. Specifically, because participants in both the "Study and Test" and "Study Only" conditions were exposed to the same 10-item DRM lists during encoding, the only other exposure differences must be localised at test. Whereas participants in the "Study Only" condition received no additional exposure to the CRAT-relevant critical lure or the related DRM list items, participants in the "Study and Test" condition, like those in the "Test Only" condition, were exposed to a subset of those list items on the recognition test as well as the critical lure. What is clear from the data is that mere exposure to these additional items during a recognition test (the "Study and Test" condition) did not enhance priming levels above that of exposure during "Study Only". Although there was some evidence of priming effects in the "Test Only" condition, the effects due to exposure at study swamped any effects observed from exposure at testing. Consistent with these findings is other recent evidence showing that effects of tests (i.e., test-induced priming) are small relative to the effects of study when it comes to false memory generation, for both children (Dewhurst, Howe, Berry, & Knott, 2012) and adults (Dewhurst et al., 2011) . Overall, then, it would seem that any potential confound between locus of exposure (study vs. test) and amount of exposure does not pose a serious problem and is not, therefore, a source of concern when it comes to interpreting the outcomes of these experiments. Indeed, it would seem safe to conclude that like the generation of false memories themselves, the primary locus of false memory priming effects lies at encoding, not retrieval.
More generally, we would argue that these priming effects, like most priming effects, occur relatively automatically outside of conscious awareness. However, it is always possible that participants may have used a more explicit strategy when solving CRATs. That is, despite presenting the memory and reasoning tasks to participants as being unrelated, there is a possibility that some of the participants figured out that the tasks were connected. If participants did become aware of this relationship, such awareness could have influenced how they went about solving the CRATs-that is, they would be more likely to try to remember previously presented items from the study or test sessions to solve them. Of course, this strategy would greatly benefit the "Study and Test" and "Study Only" conditions because those lists had many items related to the critical lure that could enhance the likelihood of the lure itself being remembered. In the "Test Only" condition, participants may also become aware of the fact that the solutions to the CRATs were linked to the items they were tested on but these would be harder to access because there would be fewer related cues. Moreover, an explicit memory search strategy of this nature would both increase accessibility for studied/tested words and critical lures as CRAT solutions while at the same time make it difficult to find the solution for unprimed items because no matter how hard they search memory for the previous study items, the answer is not in episodic memory for the previously studied materials.
Although the use of such a deliberate strategy is perhaps less likely in children than adults, we believe that this explanation cannot account for these effects more generally for at least two reasons. First, care was taken to ensure that participants did not believe that the memory task and CRATs were related. The study title, description, and instructions to participants explicitly stated that the two tasks were separate and not associated, but rather, that researchers were interested in individual differences in performance on different memory and problem-solving tasks. In addition, participants in the "Study Only" condition were told that they would be given a memory test for the studied lists after they had completed the CRATs. This was done in order to avoid demand characteristics in this condition (such demand characteristics were not a concern for participants in the other conditions because they were given a memory test before the CRATs).
Second, all participants were debriefed following the experiment. One of the questions asked was whether they were aware of any link between the memory and problem-solving tasks. A relatively large percentage (90%) said that they were not aware of any link between the two tasks. Interestingly, when the data from the 10% of participants who claimed to be aware of a link between the two tasks was removed from the analyses, we found no significant changes in the results.
Having ruled out a deliberate memory search interpretation of our results, we believe that the more parsimonious interpretation of this set of findings lies in an automatic priming process, one that is linked to models that incorporate a spreading activation mechanism when explaining performance in associative memory and insight-based reasoning tasks. Indeed, our results are consistent with the associativeactivation theory of Howe et al. (2009) as well as the activation-monitoring theory presented by Roediger and McDermott (1995) . At the core of these models is the assumption that false memory illusions are driven by spreading activation processes that occur during study. That faster solution times and higher solution rates were produced by participants in the "Study and Test" and "Study Only" conditions is predicted because the spread of activation that results from inducing the critical lure primes at study is believed to be far greater than the spread of activation that results from presenting participants with such items at test (Dewhurst et al., 2009 (Dewhurst et al., , 2011 (Dewhurst et al., , 2012 Hancock et al., 2003) . The notion that encoding processes that appear to be the key to facilitating CRAT performance is also compatible with findings from previous studies that have investigated whether associations at study or at test drive false memory illusions (e.g., Arndt & Reder, 2003; Dewhurst et al., 2009 Dewhurst et al., , 2011 Dewhurst et al., , 2012 McCabe, Presmanes, Robertson, & Smith, 2004; Roediger, Balota, et al., 2001; Roediger & McDermott, 1995; ). The general consensus that emerged from such research was that false memory illusions (e.g., those produced by DRM tasks) were the result of associations activated during study rather than test. Additional research (e.g., Coane & McBride, 2006; Dewhurst et al., 2009; Marsh & Dolan, 2007) has shown that processes that occur at retrieval rarely influence false memories. The current findings add further support to the notion that associations generated during study as opposed to test facilitate false memory illusions.
Although we have focused on effects at encoding it is important to acknowledge that there were some effects at test. Although these were small, presenting participants with the critical lures on a recognition test prior to them completing test CRATs did increase solution rates and decrease solution times. These modest changes in problem-solving performance were anticipated because recognition tests prompt participants to search through their memories in order to ascertain whether the presented items are new or previously encountered items. Because such memory searches lead to activation of the corresponding memory representations of the items on the recognition test (which in the present study included the critical lure primes), such residual activation from test trials is likely to have some priming effect on CRAT solution rates and times. However, as discussed previously, the spread of activation that results from having encountered an item at test is thought to be less powerful than the spread of activation that results from activating an item at study. Hence, an effect at test, although expected, was predicted to be (and was) much weaker compared to the effects seen at study (see Howe et al., 2009) .
The outcomes presented in this article have some important implications. First, false memories have to be sufficiently activated in memory that they can be successfully recalled or recognised (Experiments 1-2) in order for priming to be effective. Importantly, the current experiments clearly showed that activation during encoding can and does facilitate immediate performance on other, non-memory tasks. Second, false memories can effectively prime higher cognitive processes, specifically insight-based, creative problem-solving, across age (i.e., in 11-year-old children and adults). That is, false memory primes can increase both the speed and the rate at which problems are solved compared with unprimed problem solutions for both children and adults. This holds not just for false memories, but also for memories activated by the presentation of the prime during encoding. Thus, regardless of age, when developmentally appropriate materials are used, false memories generated from information presented during encoding can and do facilitate performance on other, non-memory cognitive tasks.
Third, given that we used recognition measures to assess false recollection, whereas previous research in this domain used recall measures, the present study extends priming effect findings to tests of recognition. Thus, developmentally invariant priming effects are observed across the two principal procedures used to measure memory. Fourth, this research is the first to establish that priming during the study, but not the test, phase is key to facilitating CRAT performance. This finding compliments the existing false memory priming effects literature that has routinely shown that false memory illusions are predominantly driven by spreading activation processes that occur during study (i.e., encoding-see, Dewhurst et al., 2009 Dewhurst et al., , 2011 Dewhurst et al., , 2012 Howe et al., 2009) .
Fifth, both the current findings and those from previous studies have extended the range of false memory priming effects by demonstrating that false memories can prime complex, higher order tasks and not simply other, related implicit and explicit memory tasks. Such results have considerable relevance to contemporary debates regarding the links between remembering and reasoning and the possibility of developing a unified model of memory and reasoning processes. One salient debate concerns the status of implicit processes such as intuition in reasoning and problem-solving. Some theorists (e.g., Evans, 2010) suggest that intuition may often be a "false friend", providing rapid, low-effort, default responses that are in fact erroneous. This negative view can be contrasted with a more positive position, whereby implicit forms of processing involving mechanisms such as priming can give rise to intuitions that promote successful reasoning and judgment (e.g., Gigerenzer, 2007; Kahneman & Klein, 2009 ). This latter position concurs with the proposal that decisions in the face of complex problems are better left to the cognitive unconscious-the so-called "deliberation-without-attention" hypotheses (e.g., . This hypothesis is not without controversy (e.g., see Acker, 2008; Aczel, Lukacs, Komlos, & Aitken, 2011; Ambady, 2010; Lassiter, Lindberg, González-Vallejo, Bellezza, & Phillips, 2009) , with some reporting that conscious thought may still be better than unconscious processes (e.g., Huizenga, Wetzels, van Ravenzwaaij, & Wagenmakers, 2012) and that there may be some issues concerning key arguments surrounding the roles of explicit versus implicit memory in producing advantages from supposedly intuitive processing. Regardless, we believe that our findings regarding false memory priming of problem-solving usefully inform this controversy, revealing the beneficial effects of implicitly derived false memories for effective reasoning with complex insight tasks and extending previous research that has revealed beneficial priming of problem-solving via true memories (e.g., Kokinov, 1990; Schunn & Dunbar, 1996) .
In conclusion, the present research has focused on the positive consequences of false memory illusions. It is clear that false memories like false beliefs (e.g., McKay & Dennett, 2009) can and do exert beneficial effects upon human cognition, not only in terms of related memory tasks but also when it comes to complex problem-solving McDermott, 1997; McKone & Murphy, 2000) . Moreover, and perhaps of greater consequence, priming during encoding facilitates subsequent problem-solving performance more so than when priming occurs only at test. That these effects are developmentally invariant when age-appropriate materials are used is also important because it indicates that for both children and adults, when concepts are present in a participant's knowledge base, spreading activation mechanisms support the formation of spontaneous false memories as well as the more creative process of solving insightbased problems. Hence, memory illusions, like memory accuracies, can and do have fitness-relevant adaptive consequences regardless of age.
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